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Abstract
Background: Telemedicine is changing traditional nursing care, and entails nurses performing advanced and
complex care within a new clinical environment, and monitoring patients at a distance. Telemedicine practice requires
complex disease management, advocating that the nurses’ reasoning and decision-making processes are supported.
Computerised decision support systems are being used increasingly to assist reasoning and decision-making in
different situations. However, little research has focused on the clinical reasoning of nurses using a computerised
decision support system in a telemedicine setting. Therefore, the objective of the study is to explore the process of
telemedicine nurses’ clinical reasoning when using a computerised decision support system for the management of
patients with chronic obstructive pulmonary disease. The factors influencing the reasoning and decision-making
processes were investigated.
Methods: In this ethnographic study, a combination of data collection methods, including participatory observations,
the think-aloud technique, and a focus group interview was employed. Collected data were analysed using qualitative
content analysis.
Results: When telemedicine nurses used a computerised decision support system for the management of patients
with complex, unstable chronic obstructive pulmonary disease, two categories emerged: “the process of telemedicine
nurses’ reasoning to assess health change” and “the influence of the telemedicine setting on nurses’ reasoning and
decision-making processes”. An overall theme, termed “advancing beyond the system”, represented the connection
between the reasoning processes and the telemedicine work and setting, where being familiar with the patient
functioned as a foundation for the nurses’ clinical reasoning process.
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Conclusion: In the telemedicine setting, when supported by a computerised decision support system, nurses’
reasoning was enabled by the continuous flow of digital clinical data, regular video-mediated contact and shared
decision-making with the patient. These factors fostered an in-depth knowledge of the patients and acted as a
foundation for the nurses’ reasoning process. Nurses’ reasoning frequently advanced beyond the computerised
decision support system recommendations. Future studies are warranted to develop more accurate algorithms,
increase system maturity, and improve the integration of the digital clinical information with clinical experiences, to
support telemedicine nurses’ reasoning process.
Keywords: Computerised decision support system, Chronic obstructive pulmonary disease, Decision-making,
Ethnography, Nursing, Reasoning, Telemedicine, Qualitative
Background
Traditional nursing practice is incorporated in the future
of healthcare technology [1, 2] to develop new roles re-
sponsive to changing needs [3, 4]. Telemedicine (TM),
which can be defined as ‘information, communication,
and monitoring technologies which allow healthcare
providers to remotely evaluate health status, give educa-
tional intervention, or deliver health and social care to
patients in their homes’ ([5] p. 2813), has demonstrated
potential for advanced nursing practice regarding effi-
ciency [6] and quality of care [7–9]. However, TM involves
the provision of advanced nursing care in a new clinical
environment [10], which enables remote care [10, 11] for
patients with chronic diseases, such as chronic obstructive
pulmonary disease (COPD) [12]. COPD is a serious and
progressive chronic disease [12] representing a high symp-
tom burden [13]. Chronic diseases often involve subtle
[10] and unpredictable disease developments [9, 14] that
require complex disease management strategies [2].
Complex clinical practice entails that nurses use appro-
priate clinical reasoning skills [15]. Nurses’ clinical reason-
ing can be defined as: “…the cognitive processes and
strategies that nurses use to understand the significance of
patient data, to identify and diagnose actual or potential
patient problems, to make clinical decisions to assist in
problem resolution, and to achieve positive patient out-
come” ([16] p. 236). Hence, clinical reasoning is the sum of
critical thinking and decision-making processes associated
with clinical practice [17], where critical thinking is based
on nurses’ careful, deliberate thoughts in different clinical
settings [18]. Consequently, it is essential that within TM,
clinical reasoning and decision-making are supported.
Computerised decision support systems (CDSS) use al-
gorithms to produce patient-specific assessments [19] and
decision-making recommendations to support reasoning
[20, 21], helping nurses to make better clinical decisions
[16] and improving patient care [19]. CDSS use has in-
creased in recent years [21], but ambiguity regarding its
adoption, implementation [21, 22] and accuracy [23] re-
mains. Various factors, such as familiarity with the patient
[24–27], the patient’s condition, and the CDSS technology
used, can affect the decision-making process [10, 27].
Moreover, CDSS use for long-term management involves
complex decision-making [21], which requires advanced
training especially when used in a TM setting [1].
CDSSs have been used in hospitals [15, 28, 29], primary
[27] and chronic care setting [30, 31], and for phone-based
counselling [32–34]. However, few studies have evaluated
TM nurses’ reasoning using these systems to manage pa-
tients with COPD in the primary care setting. Additionally,
these systems are developed and implemented based on a
limited understanding of clinical work and decision-
making [22]. Therefore, the context in which CDSSs are
used must be evaluated [32, 35], for example, for nurses’
reasoning [16, 36] and decision-making processes [37–39]
during the provision of care. The present study combined
different qualitative data collection methods consisting of
participatory observations, the think-aloud technique, and
a focus group interview, to gain a better understanding of
TM nurses’ clinical reasoning using a CDSS when man-
aging patients with COPD.
Methods
Aim
The purpose of the study was to explore the process of
TM nurses’ clinical reasoning when using a CDSS for
the management of patients with COPD. The factors in-
fluencing the clinical reasoning and decision-making
processes were investigated.
Design
An ethnographic approach [40] was chosen to investi-
gate the reasoning and decision-making processes of
TM nurses, in order to gain insight into their subjective
world in their natural settings [41, 42], and to provide a
nuanced picture of the field [42, 43]. Participatory obser-
vations [40], the think-aloud technique [44] and one
focus group interview [45] was employed.
Setting and participants
This study was conducted at a telemedicine centre (TMC)
in a municipality in southern Norway, between October
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2015 and February 2016. The TMC was established as part
of a larger European project; ‘United4Health’ (U4H). The
U4H project explored a TM intervention for patients with
COPD, who had been hospitalised for exacerbation and
discharged to their home [46, 47].
The present study focused on the TM nurses
employed at the TMC, in order to monitor and assess
COPD patients. The TMC employed seven registered
nurses that managed COPD patients from several muni-
cipalities, and was open from 8 am to 3 pm, Monday to
Saturday. The TMC was operated and managed by a sin-
gle nurse at any given time, and could manage up to 12
patients daily. Registered nurses who were employed at
the TMC were included in our study sample, and asked
to participate. Three of seven nurses agreed to partici-
pate. The four nurses who did not wish to participate
were employed part-time with weekend shifts once a
month. All participants were female and aged between
27 and 46. Table 1 shows the participant characteristics.
Technical equipment and computerised decision support
system
The technical equipment used in the intervention con-
sisted of a pulse oximetry device for daily measuring of
oxygen saturation and heart rate. In addition, a tablet
application which included an electronic questionnaire
to gather patients’ daily subjective symptoms was used.
The questions concerned issues such as well-being,
breathlessness, sputum characteristics and medication use
(Table 2). Patient measurements and reported subjective
symptoms were uploaded by the tablet application and
transmitted securely and wirelessly to a data server at the
TMC. TM nurses at the TMC monitored and assessed the
transmitted data using a CDSS. In addition, TM nurses
followed up patients using real-time video-conference
supported by the tablet application.
The CDSS was developed by medical and technical ex-
perts employed at the local hospital and the university.
It provided the TM nurses with a daily overview over pa-
tients’ health status and condition, and was used to sup-
port their reasoning and decision-making processes. The
reported patient measurements and subjective symptoms
(see Table 2) transmitted from the tablet application,
were the basis for an automatic calculation with a
specific algorithm that resulted in display of colour
codes [47, 48]. The colour codes were either green, yel-
low, or red, indicating warning alerts on patients’ health
status and disease development (see Table 3). The
thresholds for clinical measurements, such as oxygen
saturation and heart rate, were predefined for each
patient based on their reference values at hospital
Table 1 Participant characteristics
Participant Nurse 1 Nurse 2 Nurse 3
Nursing experience 6 years 8 years 23 years
Telemedicine
experience
2 years 1.5 years 4 months
Employed at the centre 80% 60% 45%
Continuing education Master’s degree in health
and social informatics
– Geriatrics
Table 2 Daily questionnaire performed by COPD patients, and
evaluated by TM nurses [48]
Question Response
1 How do you feel today? As usual
Worse
Much worse
2 How is your breathing today? As usual
Worse
Much worse
3 How is your amount of sputum today? As usual
Worse
Much worse
4 What is the colour of your sputum today? No sputum/Clear/White/
Yellow/Green/Brown
5 Are you using rescue medication/
nebulisera or oxygen today?
No
As usual
More than usual
Much more than usual
6 Have you started up with additional
antibiotics after last discharge?
No
Yes
7 Have you started up with new
Prednisoloneb after last discharge?
No
Yes
aRescue medication/nebuliser; inhalation medicine for breathing treatment
bPrednisolone; a steroid, used to treat various conditions including
breathing disorders
Table 3 Algorithm for CDSS [48]
Colour displayed at
CDSS
Indication of health symptoms
Green Stable patient: Self-reported health symptoms
unchanged or improved. Oxygen saturation and
heart rate within acceptable range, compared
to individual reference values.
Yellow Unstable patient indicating change that need
follow-up: oxygen saturation and/or heart rate
indicate deterioration from previous day or from
hospital discharge. Yellow alert is triggered.
Change indicating: increase in heart rate more
than 10 beats/min, reduction in saturation
of approximately 5%, an answer to question
1, 2, 3 or 4 defined as “worse”, or question
5 answered with “more than usual” (Table 2).
Red Unstable patient indicating severe change or
critical condition: oxygen saturation and/or heart
rate or self-reported health symptoms (Table 2)
indicating significant deterioration from previous
day or from hospital discharge. Red alert is
triggered.
Change indicating: increase in heart rate more
than 15 beats/min, reduction in saturation lower
than 6%, or daily questionnaire (1–5) answered
with “much more than usual” (Table 2).
CDSS computerised decision support system
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discharge, and these were used for the following day-to-
day monitoring. To increase the sensitivity of the system,
a cut-off value for “yellow” status was added to indicate
early warning indicator for health deterioration. The cut
off values for “red” alert was developed and based on
existing empirical clinical measurements and algorithms
used in the UK [48]. If the clinical measurements fell
out of the normal (i.e., individual) reference range, or if
the patients answered “worse” for subjective symptoms
(see Table 2), the colour code became yellow or red de-
pending on severity of the health change (see Table 3).
In addition, if health data was not provided on a given
day, the nurse would contact the patient.
Data collection
Data were collected through using participatory observa-
tions [40] (major data source), the think-aloud technique
[44], and a focus group interview [45]. The fieldwork en-
abled observations of the nurses when performing clinical
reasoning, decision-making and video consultations with
the patients. Approximately 60 patient consultations were
observed during 60 fieldwork hours; Nurse 1 was followed
for 30 h, and Nurses 2 and 3 were followed for 15 h each.
The fieldwork was then completed according to the
wishes of the participants. Observations were conducted
between 8.30 and 11.30 am, on weekdays.
The think-aloud technique [44] facilitated insight into
participant verbalisations, clinical information processing,
and performance of different tasks. Each nurse expressed
their thoughts aloud, explaining each step in their reason-
ing process. Probing questions such as “please, could you
elaborate your reasoning” or “please, could you continue
to think aloud” were asked to gather information and clar-
ifications during each patient assessment.
Field notes consisting of observations, actual incidences,
reflections, and interpretations were made during and after
the day’s observations [41, 49]. Details of setting and human
behaviour were recorded to provide a complete and repre-
sentative record of the field investigated [40]. Approxi-
mately 134 A4 pages were written during the fieldwork.
After fieldwork completion, a focus group interview
[45] was conducted to gain insight into the participants’
reasoning and decision-making processes experiences
when using the CDSS. A semi-structured interview ap-
proach was utilised [50]. Open-ended questions focused
on the use of the CDSS and the nurses’ reasoning and
decision-making processes. Example questions included
“What is your experience of the CDSS in supporting and
improving the decision-making process when assessing
patients?” and “Could you give examples of how you
used your expertise to make decisions relating to the pa-
tient?”. A moderator was present during the one hour
and thirty-minute discussion, and the collected data was
transcribed verbatim.
Data analysis
Data were analysed using qualitative manifest and latent
content analysis [51], as follows: in the manifest analysis
1) the text was repeatedly read to gain understanding of
the whole, 2) and was divided into meaning units, 3)
meaning units were condensed to reflect participants’
statements and observational data, 4) condensed mean-
ing units were abstracted and grouped into codes with
common denominators to give an outline of the data,
and 5) codes were organized into categories and subcat-
egories. The latent analysis involved an interpretation of
the underlying meaning of the text, leading to an overall
theme [51]. The material was sorted using NVivo 10
[52]. An example of the analytical process is presented
in Table 4.
Results
Two categories emerged from the analysis: “the process
of TM nurses’ reasoning to assess health change” and
“the influence of the TM setting on nurses’ reasoning
and decision-making processes”. The overall theme, “ad-
vancing beyond the system”, represented the connection
between the nurses’ reasoning process and the TM set-
ting and work (Table 5).
The process of TM nurses’ reasoning to assess health change
The process of TM nurses’ reasoning to assess health
change was circular and dynamic and consisted of five
stages: 1) assessing the CDSS recommendation, 2) map-
ping data, 3) combining data, 4) data interpretation to
form a pre-decision, and 5) a final decision in collabor-
ation with the patient (Table 5 and Fig. 1).
Assessing the CDSS recommendation
Nurses observed the CDSS recommendation and began
the process of detecting symptom changes based on the
patients’ normal health status. If the CDSS displayed a
green colour-code, less time was spent assessing the pa-
tient. If the CDSS displayed a yellow or red colour-code,
more time would be spent determining the type and ex-
tent of the health change. The nurses experienced that
the CDSS often displayed inaccurate alerts. Therefore,
they would frequently look beyond the colour-codes to
assess the clinical data (saturation and heart rate), sub-
jective symptoms (self-evaluated symptoms based on the
questionnaire), and other patient information, regardless
of the CDSS recommendations:
“I cannot look at that alone [the CDSS
recommendation]. What colour is it [the system
alert]? I need to look at what other diseases the
patient has, his or her background, and how the
patient has been recently [disease development].”
(Nurse 1).
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As part of the reasoning process, the nurses found rec-
ommendations from the software useful for initiating
clinical reasoning (identifying health problems) and
decision-making (prioritising follow-up needs). The sys-
tem was used to clarify clinical information relating to
each patient’s health to ascertain the meaning of any
health changes. However, the CDSS did not adequately
structure or provide sufficient clinical information re-
garding each patient’s health status. Consequently, sys-
tem decisions were frequently overridden, and additional
clinical information was sought.
Mapping, combining and interpreting data to reach a
pre-decision
The data collected, including nursing documentation,
which was based on medical records, medical histories,
and the system recommendations, were diverse and multi-
faceted. Mapping of cues and combining clinical data con-
tributed to a clinical overview, assisting interpretation of
pattern changes specific to individual patient’s symptoms
and disease development. These activities aided clarifica-
tion of the patient’s current health status:
“…the picture, which was presented using the CDSS,
was not clear enough for the nurses to evaluate, or to
explicitly show the nurses the true picture of the
patient’s health status. The nurses needed to search
for more information by evaluating the available
computerised information and analysing the data
flow.” (Fieldwork observation).
The process of combining clinical data after map-
ping was complex and time-consuming involving
assessing details to produce a complete overview or
“bigger picture”:
“I need to combine the [system] information with
something. I cannot look at the CDSS recommendation
alone. I need to see the whole picture, the [patient’s]
history, everything.” (Nurse 1).
Reflection characterised the combining data process,
and a cross analysis of related clinical data between
mapping, combining and interpreting. This cross ana-
lysis facilitated clarification of relevant information for
each patient. During this process, the data gathered were
combined and compared to eliminate bias in the system
and to link the nurse’s in-depth knowledge of the patient
with the clinical data. Using this process, the nurses
could visualise an image of the patient and their current
health status:
“The nurses formed a mental image of the patient and
then gathered diverse information from earlier
nursing documentation, and made mental notes. They
then reviewed the system recommendation and
detailed information to form the whole picture. The
processes involved observing, analysing, reflecting,
and recognising a pattern.” (Fieldwork observation).
The process of mapping, combining and interpreting
data also helped to form possible future nursing scenar-
ios including health developments, such as potential
disease exacerbations. The nurses’ knowledge of each
patient was constantly evolving, adding to the sum
knowledge regarding the patients’ disease development.
In addition, the patients’ experiences were considered
Table 4 Example of the analytical process
Meaning unit Condensed meaning unit Code Sub-category Category
I cannot look at that alone [the
CDSS recommendation] … What
colour is it [the system alert]? I
need to look at the patient’s
background, comorbidities,
and recent health status
[disease development].
The nurse overrides the
recommendation by
gathering extended clinical
data to assess health change
Gathering and searching
for extended clinical data
to assess the recommendation
Assessing the
recommendation
The process of TM
nurses’ reasoning to
assess health change
CDSS computerised decision support system, TM nurses telemedicine nurses
Table 5 Presentation of the overall theme, categories and sub-categories of the nurses’ reasoning and decision-making processes
Overall theme Advancing beyond the system
Categories The process of TM nurses’ reasoning to
assess health change
The influence of the TM setting on nurses’
reasoning and decision-making processes
Sub-categories Assessing the CDSS recommendations Environment
Mapping, combining and interpreting data
to reach a pre-decision
Technology
From pre-decision to shared decision-making
CDSS computerised decision support system, TM telemedicine
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highly-valued information. The more complex and un-
stable the patients’ health changes were, the more time
was spent on clinical reasoning to reach a pre-decision.
From pre-decision to shared decision-making
Reasoning led to the formulation of a pre-decision re-
garding the patients’ health changes. If the pre-decision
was based on deteriorating health, the nurse performed
a video consultation to guide and advise the patient and
produce a positive patient outcome. During each con-
sultation, probing questions were asked to expand exist-
ing knowledge. Increasing the available knowledge led to
clarification or adjustment of the pre-decision:
“If the CDSS indicated changes, or if the patient had
indicated that their health had deteriorated, then the
TM nurse needed to question the patient regarding
the changes. For example, if the patient mentioned
increased mucus, the nurse would ask by how much,
what colour, and so on.” (Fieldwork observation).
Video consultation was important in aiding patient
visualisation and was a significant additional component
to the system recommendation when nurses were mak-
ing decisions. Patient conversations became a part of the
decision-making process, with the essential information
provided increasing confidence in the clinical decision.
The influence of the TM setting on nurses’ reasoning and
decision-making processes
The TM environmental and technological aspects de-
fined and structured the nurses’ work. Hence, the TM
setting played an influential role in the nurses’ reasoning
and decision-making processes.
Environment
Environmental aspects, such as the function and organ-
isation of TM work, influenced the reasoning and
decision-making processes. The nurses’ abilities to inter-
act with the environment were based on their TM expe-
riences. The nurse employed for the shortest time found
the work more challenging:
“I must be honest. I am the one that has worked here
for the shortest time, and I think that it has been
difficult to get into this way of working.” (Nurse 3).
However, the TM intervention formed part of a newly
developed project, and the recurring changes in the pro-
ject development and management of new work tasks
was a challenge for all the nurses:
“The project is evolving all the time. If you work on a
ward, it is work [nursing] you have conducted for
many years, and it is familiar and known, but here [at
Fig. 1 The five stages of telemedicine nurses’ circular reasoning and decision-making compared with that provided by the system alone
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the TMC] it is a new way of working […] It is
constantly changing. One live in such concentration
because you experience things that are new. It is just
how it is. It is not easy.” (Nurse 1).
Moreover, the nurses managed the TMC alone, which re-
stricted collaboration between the nurses, physicians, and
other healthcare professionals when making decisions:
“When I am alone at work I have to decide (concerning
a patient) what I should or should not do… one feels
very alone.” (Nurse 2).
Consequently, a lack of collaboration led to an absence
of individual and shared goals for each patient. Therefore,
the care plan and guidance provided to patients by the
nurses was divergent. One nurse described how she was
missing a more united and goal-setting collaboration:
“I would like us to share information, and collaborate
more because we manage the TMC alone. There is no
one else to talk to, except for the written reports […]
And what it is we are supposed to achieve… the goal,
what is the goal? A common goal, a goal for the
individual patient, and intermediate goals...” (Nurse 3).
However, while the nurses found some of the aspects of
TM work challenging, they also found it interesting, and
the environment of working alone provided time and space
to manage the patients regarding care planning, informa-
tion gathering and consultations. In addition, time could
be devoted to thoroughly conducting the reasoning process
without distractions. Similarly, the TM setting enabled
the development of strong nurse-patient relationships
beyond the patient’s health, such as their personalities
and life histories:
“You get a different relationship with patients [using
TM and video conferencing] … somewhat closer, and
it is much more personal.” (Nurse 2).
“A TM nurse gains insight into more than just the
health status of each patient. One gets to learn so
much more about the patient’s life, which is important
for the clinical reasoning and decision-making pro-
cesses in telemedicine work.” (Fieldwork observation).
Technology
The TM technology enabled the collection of daily clinical
and subjective patient information, facilitated frequent dis-
tant monitoring of patients, and assisted in managing con-
tinuous follow-up. The TM nurses operated and managed
three different screens representing different IT systems;
one for assessing system recommendations (i.e. the CDSS),
another for nursing documentation and electronic health
record (EHR), and a third for performing real-time video
consultations with the patients.
The patient information provided by the technology and
being able to perform regular video-consultations sup-
ported the nurses’ reasoning and decision-making pro-
cesses. However, at times the technology constrained the
nurses’ work. The computer housing the CDSS and the
EHR system were poorly integrated leading to increased
time spent searching for relevant clinical information:
“The nurses are constantly handling two different
software systems on two different computers. They
spend much time searching for clinical information,
leading to double entries. It seems ineffective and
unnecessary, but such is the system.” (Fieldwork
observation).
In addition, technical problems often interrupted the
follow-up before addressing clinical problems. Conse-
quently, the focus on medical urgency was displaced by
the focus on technical difficulties. Fieldwork observa-
tions revealed that almost half of the daily conversations
with the patients involved attempts to find a solution to
technical problems. Once technical difficulties were
resolved, patients were often tired and needed rest.
Technical difficulties were mostly related to tablet mal-
functions including the application or 3G/4G coverage,
which wasted time and interrupted the nurses’ reasoning
and decision-making processes:
“Technical failures occurred often. These were
perceived as a burden on both the patient and nurse
and the technical factor became the urgent problem.
Technical problems overshadowed the patients’
health problems, and the reasoning and decision-
making processes were disturbed. The TM nurses
were tiring and sometimes postponed fixing the
problem. It became a dilemma of time and resources.”
(Fieldwork observation).
Consequently, video consultation follow-up was often re-
placed by telephone calls, meaning that the relevant visual
information used for the reasoning and decision-making
processes were difficult to implement. Furthermore, the re-
curring technical problems affected the nurses’ view to-
wards their work and led to increasing frustration. The
focus group interview revealed these frustrations with one
nurse commenting:
“It is frustrating when you go all in. Telemedicine
should be fast and simple, and almost all we do is sit
fiddling with technical problems”. (Nurse 3).
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Therefore, in some cases, the technology became a
burden rather than support for reasoning and decision-
making processes.
Advancing beyond the system
The TM nurses’ reasoning and decision-making pro-
cesses were influenced by the TM work and setting,
which consisted of a highly technological environment,
nurses over-riding the system recommendations, poorly
integrated information systems, and clinical reasoning
performed alone and at a distance from the patient. The
TM setting, including the environmental and technological
characteristics, both enabled and constrained nurses’ rea-
soning and decision-making processes. Although the set-
ting, work and system provided challenges, it also provided
time and support, influencing the nurses’ reasoning
process. Daily clinical and subjective data, regular patient
contact and continuous follow-up provided the nurses with
detailed patient- and illness-specific knowledge cementing
a close relationship with the patient. However, while the
CDSS was intended to support the reasoning and decision-
making processes, nurses regularly needed to advance be-
yond the system recommendations.
The TM nurses rarely used the recommendations from
the CDSS in isolation, they combined and compared digital
clinical and subjective patient data to identify any conflicts,
then compared the outcomes using their long-term ac-
quired patient knowledge. An acquired in-depth knowledge
of each patient enabled the nurses to see past the system
recommendation, termed “advancing beyond the system”
(Fig. 1). Advancing beyond the system was a significant
component of the reasoning process. Knowledge of the pa-
tient ensured competence in detecting CDSS biases and
enabled the gathering of patient-specific information to de-
tect individual changes in health status, producing a more
accurate and nuanced decision. Figure 1 illustrates the cir-
cular and dynamic processes of reasoning and decision-
making in the telemedicine setting (grey colouring shows
settings). Knowing the patient is central, forming a founda-
tion for reasoning at all five stages of the process.
Discussion
The present study explored the process of TM nurses’
clinical reasoning when using a CDSS for the manage-
ment of patients with COPD. The factors influencing
the clinical reasoning and decision-making processes
were also investigated. The study found that the TM
nurses frequently advanced beyond the CDSS recom-
mendations, and that the system both enabled and
constrained the nurses’ reasoning process. Therefore,
this discussion aims to provide a nuanced picture of
the association between the reasoning and decision-
making processes and various enablers and constraints of
the TM setting.
In the present study, the CDSS enabled access to
digital patient data and was helpful in initiating the rea-
soning process if the patient’s health status was un-
changed. However, adverse changes in the patient’s
health status produced inaccurate alerts, highlighting a
limitation of the system. Consequently, reasoning and
decision-making processes could not be based on the
system recommendations alone. In addition, repeated
technical errors and poorly integrated systems further
constrained the nurses’ reasoning process as considerable
time was spent gathering patient-related information.
Therefore, the nurses would frequently override the sys-
tem recommendation, which is also notable in previous
studies [27, 33]. Furthermore, Oudshoorn [10] found that
TM nurses often developed workarounds to provide care
according to their standards and acquired patient know-
ledge. Cappelletti et al. [26] suggests that the methods of
information gathering and sharing can influence the type
and depth of the reasoning process. Consequently, it is
important that the CDSS facilitates efficient access to in-
formation [53], and provide accurate recommendations
[23], especially for remote care.
The present study revealed that in the remote care,
the TM nurses were dependent of patient information
made available by technology. Reasoning in a TM setting
implies a different approach to patients than in trad-
itional nursing care, entailing advanced care performed
remotely and supported by information and communica-
tion technology [10, 11]. Studies have shown that sys-
tems generating alerts are effective for improving clinical
practice [19], patient care [19, 31] and chronic disease
management (28,29). By contrast, Miller et al. [22] suggests
that CDSSs is an emerging technology, with poor system
uptake and use. Therefore, and to further support nurses’
reasoning using CDSS, system development should be
both theoretical [54] and evidence-based [39, 55], including
knowledge reflecting nursing expertise [56].
The TM nurses in the present study were alone in mak-
ing decisions concerning patients, and, although frequently
overriding the CDSS, were simultaneously dependent on
the information the CDSS provided. Several studies
show that absence of the patient and of visual cues in
the TM setting reduces the reliable information sources
[10, 32–34]. The present study shows that video-mediated
contact is a key in enhancing the reasoning and decision-
making processes facilitating individualised follow-up,
patient involvement, and forming close nurse-patient
relationships. Regular patient contact provided an oppor-
tunity to ask patients probing questions and to gather
extensive clinical and subjective information, beyond
what provided by the CDSS. This indicates that per-
forming regular video consultations in a TM setting
provides additional and valuable patient information and
strengthens the nurse-patient relationship. By contrast,
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technical problems, resulting in telephone-mediated con-
sultations constrained the reasoning process in the TM
setting.
Personal patient knowledge was an essential factor in
understanding a patient’s healthcare needs in a remote
care setting. Knowing the patient has been proven to in-
fluence the reasoning process [24–27]. An adequate
knowledge of the patients, as well as knowledge of their
disease, can provide valuable information on pattern rec-
ognition and responses [10, 25, 26]. In line with these
studies, the present study demonstrated that in-depth
knowledge of each patient provided the nurses with the
ability to “advance beyond the system” and detect health
changes beyond the recommendations provided by the
CDSS. These findings are supported by Edwards [24],
who showed that knowing the patient provides the nurse
with a standard set of clinical data, enabling the vari-
ation elimination and providing more accurate and con-
trolled information.
The reasoning process in the present study promoted
patient involvement through shared decision-making.
Nurse-patient conversations were necessary to verify and
elaborate on the initial reasoning process. Patients’ expe-
riences of illness and symptoms could help to verify or
adjust the pre-decision, indicating that the patients’ ill-
ness narratives and subjective symptoms often played an
equally significant role as the clinical measurements
displayed by the CDSS. Patient involvement and shared
decision-making were also reported in studies that
focused on the patients’ experience when receiving TM
[9, 57]. However, several aspects can influence the pa-
tients’ preference for shared decision-making, such as
the experience of and involvement with illness and the
nurse-patient relationship [58]. Consequently, nursing
practice and research need to account for the patients’
participation in the decision-making process [59] when
using CDSS.
The present study found that the continuous flow of
digital data provided by the CDSS, might facilitate a de-
tailed understanding of the individual COPD patient’s
health and provide a better overview of chronic disease
development unique to an individual. However; long-
term management of patients with COPD often involve
different illness progression rates, comorbidities, and
patient anxieties. Also, patients’ symptoms for chronic
illness are often subtle [10] and the physical and mental
limitations of patients with COPD are often unpredict-
able [9, 14], leading to diverse [60, 61] and complex
decision-making [21]. Gerdes et al. [48] found limita-
tions in the long-term monitoring for patients with
COPD when using CDSS in relation to day-to-day inter-
pretation of the patients’ health status. This indicates that
nurses are essential for understanding and interpreting
the complex, subtle and unpredictable health changes in
long-term management of COPD. TM monitoring trans-
forms care into a continuous process [10, 62], which facili-
tates the notion of a continuum of care [63], supporting
the role of TM nurses in the reasoning and decision-
making processes when using CDSS.
Strengths and limitations
The present study has limitations. First, the sample size
of three nurses was small. The ideal would have been to
include more participants as well as to perform extended
observations. However, even though the nurses did not
want to participate further, a rich data material was col-
lected. Savage [43] indicates that ethnography could be
used as a method for every scale, small or large, where so-
cial research is performed in a natural, everyday setting.
Secondly, fieldwork might affect the participants’ be-
haviours and actions [42], and the researchers objectivity
to the field can both affect the researcher, data collection
and interpretation [64]. During the observations, the
first author used a reflective approach, acknowledging
bias, preferences, and preconceptions. Further, the first
author is a registered nurse, and many of the skills that a
nurse has acquired is similar to what an ethnographer
holds, for example features such as listening, interview-
ing, observing, reflecting and interpreting on multiple
levels at the same time, and with a conscious use of one-
self. This illustrates that a nurse with professional know-
ledge and experience can offer security in the TM
setting, thus experiencing successful interaction [65]. In
addition, with the use of the think-aloud technique, the
author was positioned next to, rather than facing, the
participants to minimise influence on the participants.
The present study used a combination of different data
collection methods to strengthen the study as it provides a
more nuanced and complete picture of the phenomenon
investigated [64]. Also, the focus group interview pro-
moted a meeting point and discussion between the nurses,
which facilitated a broader experience regarding the TM
context, and of the use of the CDSS. The findings of a
qualitative study are difficult to generalise, however the
findings can be transferred to similar settings [51].
Conclusions
In the TM setting, nurses’ reasoning supported by a
CDSS was enabled by the continuous flow of compu-
terised clinical data, regular video-mediated contact with
the patients and shared decision-making, all of which
strengthened in-depth knowledge of the patients, acting
as a foundation for nurses’ reasoning and decision-
making processes. Regular patient contact via TM pro-
moted a continuum of care, supporting the role of TM
nurses’ in the long-term management of COPD. Never-
theless, nurses frequently advanced beyond the system
recommendations, which indicates that future research
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is needed to develop more accurate algorithms, increase
system maturity and improve the integration of digital
clinical information with clinical experiences. Future TM
services should be organised in a way that maintains the
continuous flow of clinical data, involve regular video-
mediated contact and promote shared decision-making
to support nurses’ reasoning.
Abbreviations
CDSS: Computerised decision support system; COPD: Chronic obstructive
pulmonary disease; EHR: Electronic health record; TM nurses: Telemedicine
nurses; TM: Telemedicine; TMC: Telemedicine centre; U4H: United4Health
Acknowledgements
We would like to thank the participants for their time and contributions to
the study.
Funding
The University of Agder, Norway, funded the study through the Ugland foundation.
Availability of data and materials
The interview data will not be shared since the participants are guaranteed
full anonymity.
Authors’ contributions
TLB, ET and US designed the study. TLB performed the data collection. TLB
analysed the data and discussed the analysis with ET and US. TLB wrote the
manuscript and ET and US reviewed it. All authors approved the final version.
Competing interest
The authors declare that they have no competing interest.
Ethics approval and consent to participate
This study was designed and performed in accordance with the Declaration
of Helsinki [66] and common principles used in clinical research [67]. Ethical
approval was obtained from the NSD – Norwegian Centre for Research Data
(project number: 42,445). Oral and written informed consent was obtained from
all participants before study commencement. Participants were informed that
participation was voluntary and that they could withdraw at any time for any
reason. All of them were guaranteed anonymity.
The nurse asked the patients if they would consent to the first author being
present but unable to see or hear the patient during video consultations. All
patients provided oral consent before performing a consultation.
Consent for publication
Not applicable.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Received: 20 September 2017 Accepted: 11 December 2017
References
1. Peck A. Changing the face of standard nursing practice through telehealth
and telenursing. Nurs Adm Q. 2005;29:339–43.
2. Fish D, Higgs J. The context for clinical decision making in the 21st century.
In: Higgs J, Jones MA, Loftus S, Christensen N, editors. Clinical Reasoning in
the Health Professions. UK: Butterworth-Heinemann; 2008. p. 19–30.
3. Carnwell R, Daly WM. Advanced nursing practitioners in primary care
settings: an exploration of the developing roles. J Clin Nurs. 2003;12:630–42.
4. Jenkins RL, White P. Telehealth advancing nursing practice. Nurs Outlook.
2001;49:100–5. doi:10.1067/mno.2001.111933.
5. Solli H, Bjork IT, Hvalvik S, Helleso R. Principle-based analysis of the concept
of telecare. J Adv Nurs. 2012;68:2802–15. doi:10.1111/j.1365-2648.2012.06038.x.
6. Reed K. Telemedicine: benefits to advanced practice nursing and the
communities they serve. J Am Acad Nurse Pract. 2005;17:176–80.
doi:10.1111/j.1745-7599.2005.0029.x.
7. Gale N, Sultan H. Telehealth as 'peace of mind': embodiment, emotions and the
home as the primary health space for people with chronic obstructive pulmonary
disorder. Health & place. 2013;21:140–7. doi:10.1016/j.healthplace.2013.01.006.
8. Gorst SL, Coates E, Armitage CJ. "It's sort of a lifeline": chronic obstructive
pulmonary disease patients' experiences of home telehealth. Health
Psychol. 2016;35:60–8. doi:10.1037/hea0000246.
9. Barken TL, Thygesen E, Soderhamn U. Unlocking the limitations: living with
chronic obstructive pulmonary disease and receiving care through telemedicine-
a phenomenological study. J Clin Nurs. 2017; doi:10.1111/jocn.13857.
10. Oudshoorn N. Telecare technologies and the transformation of health care.
The Netherlands: Palgrave McMillian; 2016.
11. Pols J. Care at a Distance: on the closeness of technology. Amsterdam:
Amsterdam University Press; 2006.
12. WHO. Chronic obstructive pulmonary disease. 2017. http://www.who.int/
respiratory/copd/en/ Accessed 27 March.
13. Gardiner C, Gott M, Payne S, Small N, Barnes S, Halpin D, Ruse C, Seamark D.
Exploring the care needs of patients with advanced COPD: an overview of
the literature. Respir Med. 2010;104:159–65. doi:10.1016/j.rmed.2009.09.007.
14. Lal AA, Case AA. Palliation of chronic obstructive pulmonary disease. Annals
of palliative medicine. 2014;3:276–85. doi:10.3978/j.issn.2224-5820.2014.10.03.
15. Lee J, Lee YJ, Bae J, Seo M. Registered nurses' clinical reasoning skills and
reasoning process: a think-aloud study. Nurse Educ Today. 2016;46:75–80.
doi:10.1016/j.nedt.2016.08.017.
16. Fonteyn ME, Ritter BJ. Clinical reasoning in nursing. In: Higgs J, Jones MA,
Loftus S, Christensen N, editors. Clinical reasoning in the health professions.
UK: Butterworth-Heinemann; 2008. p. 235–44.
17. Higgs J, Jones MA. Clinical decision making and multiple problem spaces.
In: Higgs J, Jones MA, Loftus S, Christensen N, editors. Clinical reasoning in
the health professions. UK: Butterworth-Heinemann; 2008. p. 3–18.
18. Alfaro-LeFevre R. Critical thinking, clinical reasoning, and clinical judgement.
A critical approach fifth edn. United States: Elsevier; 2013.
19. Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical practice
using clinical decision support systems: a systematic review of trials to
identify features critical to success. BMJ. 2005;330:765. doi:10.1136/bmj.
38398.500764.8F.
20. Grimmer K, Loftus S. Algorithms, clinical pathways amd clinical guidelines.
In: Higgs J, Jones MA, Loftus S, Christensen N, editors. Clinical reasoning in
the health professions. UK: Butterworth-Heinemann; 2008. p. 309–18.
21. Greenes RA. Computer-based clinical decision support: concepts and
origins. In: Greenes RA, editor. Clinical decision support: the road ahead.
London: Elsevier; 2007. p. 1–107.
22. Miller A, Moon B, Anders S, Walden R, Brown S, Montella D. Integrating
computerized clinical decision support systems into clinical work: a
meta-synthesis of qualitative research. Int J Med Inform. 2015;84:1009–18.
doi:10.1016/j.ijmedinf.2015.09.005.
23. Sanchez-Morillo D, Fernandez-Granero MA, Leon-Jimenez A. Use of
predictive algorithms in-home monitoring of chronic obstructive pulmonary
disease and asthma: a systematic review. Chron Respir Dis. 2016;13:264–83.
doi:10.1177/1479972316642365.
24. Edwards B. Telephone triage: how experienced nurses reach decisions. J
Adv Nurs. 1994;19:717–24.
25. Tanner CA. Thinking like a nurse: a research-based model of clinical
judgment in nursing. J Nurs Educ. 2006;45:204–11.
26. Cappelletti A, Engel JK, Prentice D. Systematic review of clinical judgment and
reasoning in nursing. J Nurs Educ. 2014;53:453–8. doi:10.3928/01484834-
20140724-01.
27. Dowding D, Mitchell N, Randell R, Foster R, Lattimer V, Thompson C. Nurses'
use of computerised clinical decision support systems: a case site analysis. J
Clin Nurs. 2009;18:1159–67. doi:10.1111/j.1365-2702.2008.02607.x.
28. Bucknall T. The clinical landscape of critical care: nurses' decision-making. J
Adv Nurs. 2003;43:310–9.
29. Ganley L, Gloster AS. An overview of triage in the emergency department.
Nurs Stand. 2011;26:49–56; quiz 58. doi:10.7748/ns2011.11.26.12.49.c8829.
30. Velickovski F, Ceccaroni L, Roca J, Burgos F, Galdiz JB, Marina N, Lluch-Ariet M.
Clinical decision support systems (CDSS) for preventive management of COPD
patients. J Transl Med. 2014;12(Suppl 2):S9. doi:10.1186/1479-5876-12-s2-s9.
31. Roshanov PS, Misra S, Gerstein HC, Garg AX, Sebaldt RJ, Mackay JA,
Weise-Kelly L, Navarro T, Wilczynski NL, Haynes RB. Computerized
clinical decision support systems for chronic disease management: a
decision-maker-researcher partnership systematic review. Implementation
science : IS. 2011;6:92. doi:10.1186/1748-5908-6-92.
Barken et al. BMC Medical Informatics and Decision Making  (2017) 17:181 Page 10 of 11
32. Randell R, Mitchell N, Dowding D, Cullum N, Thompson C. Effects of
computerized decision support systems on nursing performance and patient
outcomes: a systematic review. J Health Serv Res Policy. 2007;12:242–9.
doi:10.1258/135581907782101543.
33. O'Cathain A, Sampson FC, Munro JF, Thomas KJ, Nicholl JP. Nurses' views of using
computerized decision support software in NHS direct. J Adv Nurs. 2004;45:280–6.
34. Holmstrom I, Hoglund AT. The faceless encounter: ethical dilemmas in telephone
nursing. J Clin Nurs. 2007;16:1865–71. doi:10.1111/j.1365-2702.2007.01839.x.
35. Thompson C, Aitken L, Doran D, Dowding D. An agenda for clinical
decision making and judgement in nursing research and education. Int J
Nurs Stud. 2013;50:1720–6. doi:10.1016/j.ijnurstu.2013.05.003.
36. Banning M. Clinical reasoning and its application to nursing: concepts and
research studies. Nurse Educ Pract. 2008;8:177–83. doi:10.1016/j.nepr.2007.06.004.
37. Bucknall TK. Critical care nurses' decision-making activities in the natural
clinical setting. J Clin Nurs. 2000;9:25–35.
38. Banning MA. Review of clinical decision making: models and current
research. J Clin Nurs. 2008;17:187–95. doi:10.1111/j.1365-2702.2006.01791.x.
39. Anderson JA, Willson P. Clinical decision support systems in nursing:
synthesis of the science for evidence-based practice. Comput Inform Nurs.
2008;26:151–8. doi:10.1097/01.NCN.0000304783.72811.8e.
40. Hammersley M, Atkinson P. Etnography - principles in practice. 3rd ed.
London: Routlegde Taylor and Francis Group; 2007.
41. Madden R. Being ethnographic: a guide to the theory and practice of
ethnography. London: Sage Publication; 2010.
42. Mays N, Pope C. Qualitative research: observational methods in health care
settings. BMJ. 1995;311:182–4.
43. Savage J. Ethnography and health care. BMJ. 2000;321:1400–2.
44. Lundgren-Laine H, Salantera S. Think-aloud technique and protocol analysis
in clinical decision-making research. Qual Health Res. 2010;20:565–75.
doi:10.1177/1049732309354278.
45. Krueger RA, Casey MA. Focus groups: a practical guide for applied research.
5th ed. California: Sage Publications, Inc; 2015.
46. European Commission. United4Health (U4H): COPD Telehealth Service Model.
2015. http://united4health.eu/copd-telehealth-service-model/. Accessed 18 May.
47. Smaradottir B, Gerdes M, Martinez S, Fensli R. The EU-project United4Health:
user-centred design of an information system for a Norwegian telemedicine
service. J Telemed Telecare. 2016;22:422–9. doi:10.1177/1357633x15615048.
48. Gerdes M, Gallefoss F, Fensli RW. The EU project "United4Health": Results
and experiences from automatic health status assessment in a Norwegian
telemedicine trial system. J Telemed Telecare 2017:1357633x17735558.
doi:10.1177/1357633x17735558
49. Helleso R, Melby L, Hauge S. Implications of observing and writing field
notes through different lenses. J Multidiscip Healthc. 2015;8:189–97.
doi:10.2147/jmdh.s82107.
50. Kvale S, Brinkmann S. Det kvalitative forskningsintervjuet. 2nd ed. Oslo:
Gyldendal Norsk Forlag; 2009.
51. Graneheim UH, Lundman B. Qualitative content analysis in nursing research:
concepts, procedures and measures to achieve trustworthiness. Nurse Educ
Today. 2004;24:105–12. doi:10.1016/j.nedt.2003.10.001.
52. QSR International. NVivo qualitative data analysis Software. In., vol. Version
10: QSR International Pty Ltd; 2012.
53. Biondich P, Mamlin B, Tierney W, Overhage M, McDonald C. Regenstrief
Medical Informatics: Experiences with clinical decision support systems. In:
Greenes RA, editor. Clinical Decision Support: The Road Ahead. London:
Elsevier; 2007. p. 111–26.
54. O'Neill ES, Dluhy NM, Chin E. Modelling novice clinical reasoning for a
computerized decision support system. J Adv Nurs. 2005;49:68–77.
doi:10.1111/j.1365-2648.2004.03265.x.
55. Sim I, Gorman P, Greenes RA, Haynes RB, Kaplan B, Lehmann H, Tang PC.
Clinical decision support systems for the practice of evidence-based
medicine. J Am Med Inform Assoc. 2001;8:527–34.
56. Courtney KL, Alexander GL, Demiris G. Information technology from novice
to expert: implementation implications. J Nurs Manag. 2008;16:692–9.
doi:10.1111/j.1365-2834.2007.00829.x.
57. Trede F, Higgs J. Collaborative decision-making. In: Higgs J, Jones MA,
Loftus S, Christensen N, editors. Clinical reasoning in the health professions.
UK: Butterworth-Heinemann; 2008. p. 43–54.
58. Say R, Murtagh M, Thomson R. Patients' preference for involvement in
medical decision making: a narrative review. Patient Educ Couns. 2006;60:
102–14. doi:10.1016/j.pec.2005.02.003.
59. Edwards B, Sines D. Passing the audition - the appraisal of client credibility
and assessment by nurses at triage. J Clin Nurs. 2008;17:2444–51.
doi:10.1111/j.1365-2702.2007.01970.x.
60. Horton K. The use of telecare for people with chronic obstructive
pulmonary disease: implications for management. J Nurs Manag. 2008;16:
173–80. doi:10.1111/j.1365-2834.2008.00845.x.
61. Dinesen B, Nonnecke B, Lindeman D, Toft E, Kidholm K, Jethwani K, Young
HM, Spindler H, Oestergaard CU, Southard JA, et al. Personalized telehealth
in the future: a global research agenda. J Med Internet Res. 2016;18:e53.
doi:10.2196/jmir.5257.
62. Fairbrother P, Pinnock H, Hanley J, McCloughan L, Sheikh A, Pagliari C. Mcn but
at what cost? The impact of telemonitoring COPD on continuities of care: a
qualitative study. Prim Care Respir J. 2012;21:322–8. doi:10.4104/pcrj.2012.00068.
63. Carr SMA. Framework for understanding clinical reasoning in community
nursing. J Clin Nurs. 2004;13:850–7. doi:10.1111/j.1365-2702.2004.00959.x.
64. Polit DF, Beck CT. Essentials of nursing research: appraising evidence for
nursing practice. 7th ed. Philadelphia: Lippincott, Williams & Wilkins; 2010.
65. Borbasi S, Jackson D, Wilkes L. Fieldwork in nursing research: positionality,
practicalities and predicaments. J Adv Nurs. 2005;51:493–501. doi:10.1111/j.
1365-2648.2005.03523.x.
66. Declaration of Helsinki. Ethical principles for medical research involving human
subjects. In., vol. 2017. Fortaleza, Brasil: 64th WMA General Assembly; 2013.
67. Beauchamp TL, Childress JF. Principles of biomedical ethics. 7th ed. Oxford:
Oxford University Press; 2013.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Barken et al. BMC Medical Informatics and Decision Making  (2017) 17:181 Page 11 of 11
